The impact of restrictive feeding programs on Salmonella and Campylobacter colonization and persistence after challenge was investigated for broiler breeder pullets housed in an experimental rearing facility. Pullet-chicks were placed on litter in 3 feeding program rooms and each room contained 2 replicate pens. The feeding programs were: (1) Skip-aday in trough feeders (SAD); (2) Every-day in trough feeders (EDT); (3) Every-day on the pen litter (EDL). On d 1, an additional group of hatchmate chicks were housed in a separate room and gavaged with Salmonella Typhimurium, to later serve as seeder chicks. After seeders were confirmed Salmonella-positive at wk 4, at wk 5 seeders were placed into each feeding program pen to commingle with 135 penmates. At 7, 9, 11, 17, 18, and 20 wk the litter surface in each pen was sampled using intermittently stepped-on drag-swabs. At 8, 12, 16, and 20 wk of age the ceca were sampled from 10 penmates/pen and 2 pooled spleen samples/pen were collected. SAD litter remained Salmonella-positive through 20 wk of age while EDL and EDT pens had no detectible litter Salmonella recovery by 18 and 20 wk. EDL fed pens had no direct (<10 2 cfu/mL) litter Salmonella recovery during the entirety of the experiment. Salmonella prevalence for ceca from SAD pullets was significantly (P < 0.05) higher at 8 wk (70%) compared to EDT (40%) and EDL (30%). At wk 12, SAD pullets for both on and off-feed sampling days had significantly higher Salmonella recovery (40%), compared to EDT and EDL (both at 5% recovery). By 16 and 20 wk, only the SAD pullets on the on-feed day (48 h without feed) had recovery of Salmonella at 20%. Salmonella recovery in pooled spleen samples did not appear associated with feeding treatments (22% positive). The remaining pullets challenged with Campylobacter at 21 wk produced similar trends as was seen for Salmonella. SAD program pullets had significantly higher Campylobacter from ceca (80 to 100%) compared to pullets on EDL (30 to 60%) or EDT (40 to 95%). These results suggest that using a Skip-a-Day feeding program for broiler breeder pullets contributes to persistently higher Salmonella and Campylobacter ceca colonization and litter prevalence.
INTRODUCTION
Feed restriction is essential during broiler breeder pullet rearing in order to limit body weight gain, max-imize flock uniformity, and to optimize subsequent breeder reproductive fitness and hatching egg production that are all negatively impacted when pullets are fed ad libitum (Katanbaf et al., 1989; Yu et al., 1992; Bruggeman et al., 1999) Renema and Robinson, 2004; de Beer and Coon, 2007) . The amount to which feed needs to be restricted during the rearing of broiler breeders has led the poultry industry in the United States to regularly use a Skip-a-Day (SAD) feeding program, where the flock is fed 2 days' worth of feed the first day and pullets are not fed the next day. SAD feeding programs have been suggested to optimize flock uniformity (Mench, 2002; Cobb-Vantress, 2008; Richards et al., 2010; Zuidhof et al., 2015) compared to daily feed restrictive programs by providing a sufficient quantity of feed to enable all pullets to consume their allotted feed on the on-feed day. Although Bennett and Leeson (1989) reported numerical increases in BW uniformity with SAD feeding, Morrissey et al. (2014) reported that body weight uniformity at 22 wk was not influenced by feeding frequency (daily or SAD feeding) of pullets, while Ingram et al. (2001) also reported non-significant differences in uniformity at 18 wk when the SAD feed restriction was started at either 2, 4, or 6 wk of age. Similarly, Sandilands et al. (2005) reported CV for body weight from 10.9% to 15.1% during rearing to 20 wk that were not significantly affected by pullet feeding treatments (quantitatively restricted conventional diets or ad libitum-fed experimental diets that contained calcium propionate and ground oat hull). However, more recent research from Zuidhof et al. (2015) reported lower flock CV in body weight from SAD fed pullets (12.7%) by 22 wk of age compared to daily fed controls (15.2 or 15.3%), though the SAD CV were similar to pullets fed pelleted feed on the litter surface daily (10.9%). The on-and offfeed days increased storage and mobilization of feed and nutrients in SAD fed pullets (de Beer and Coon, 2007) and may also influence the alimentary tract microbiota changes similar to those associated with an 8 to 12 h preslaughter feed withdrawal for broilers to reduce alimentary tract contents (Buhr et al., 2017) . Feed withdrawal prior to transport reduces the amount of ingesta and feces in the broiler's alimentary tract, subsequently reduces cross contamination in the processing plant, and minimizes carcass contamination with pathogens during processing (Rigby et al., 1980 (Rigby et al., , 1982 Rigby and Pettit, 1981; Lyon et al., 1991; Buhr et al., 1998) . However, associated with feed withdrawal and cooping are increases in crop and ceca Salmonella recovery levels in broilers (Moran and Bilgili 1990; Oyarzabal and Conner 1996; Ramirez et al., 1997; Corrier et al., 1999; Buhr et al., 2017) . There may be similar increases or blooms of Salmonella and/or Campylobacter occurring in pullets during the off-feed day when the alimentary tract is empty that may lead to sustained colonization within the pullet flock.
The ceca of newly hatched chicks, prior to providing feed and water, contain the unwanted bacteria clostridia and E. coli. (Lev and Briggs, 1956) and are quickly exposed to Salmonella and Campylobacter from an assortment of sources within the hatchery (Chuma et al., 1994; Hiett et al., 2002) including the hatching cabinets and chick baskets, as well as in the broiler house (Cox et al., 1990; Cox et al., 1991; Byrd et al., 2007) . Cox et al. (2001) reported 48% chick basket pads from 3 primary breeder hatcheries were Salmonellapositive in 1998, but the prevalence had been reduced to 12% when resampled in 2001. Salmonella can be introduced or reintroduced into a poultry house with the feed, equipment, rodents, insects, pets, and/or people, resulting in colonization of chicks during growout (Hoover et al., 1997; Davies and Breslin, 2003; Jones and Richardson 2004; Arsenault et al., 2007; Roche et al., 2009; Dewaele et al., 2012; Lapuz et al., 2012) . Once Salmonella attaches to the intestinal mucosal layer in the ceca, the primary colonization site in poultry (Milner and Shaffer, 1952; Fanelli et al., 1971; Snoeyenbos et al., 1982; Barrow et al., 1988; ) , Salmonella will then be shed within the feces, contaminating the litter and penmates (Brownell et al., 1969; Buhr et al., 2007; Bourassa et al., 2018) . Salmonella can be readily recovered from the litter of positive flocks, usually by 3 wk of age (Corrier et al. 1995; McCrea et al., 2005) .
Sampling poultry-house litter is one indicator of the Salmonella status of a flock (Kingston, 1981) . Litter sampling methods that incorporate stepping on the sample material while in contact with the litter appear to detect Salmonella with greater sensitivity than traditional sampling methods of dragging swabs over the litter surface (12 vs. 2% reported by McCrea et al., 2005;  69 vs.44% reported by Buhr et al., 2007) . Once flock status has been determined, measures can be taken to attempt to minimize further contamination and transmission prior to pullets transferred to a breeder house; such as the feed inclusion of prebiotics Spring et al. 2000) , probiotic bacteria (Pascual et al. 1999; Higgins et al. 2008) , bacteriophages (Toro et al. 2005; Atterbury et al. 2007) , organic acids (Hinton and Linton, 1988; Heres et al. 2004) , or acidified litter treatments at pH 4 (Payne et al. 2002; Payne et al. 2007) , and implementation of effective hygiene programs (Evans and Sayers 2000) .
Limited research has been conducted on the Salmonella and Campylobacter recovery from broiler breeder pullets during rearing using different feed management programs. However, there is evidence that Salmonella and Campylobacter can persist within the spleen and reproductive tracts of table egg layers and broiler breeder hens and be potential sources for vertical transmission from hen to egg to chick (Gast and Beard, 1990; Wigley et al. 2001; Buhr et al. 2002; Cox et al. 2009 ). The objective of this experiment was to examine the internal and environmental dissemination of Salmonella and Campylobacter in broiler breeder pullets under 3 feeding programs; Skip-a-Day (SAD), Everyday in a feed trough (EDT fed every-day half of a SAD ration in the feed trough), and Every-day on the pen litter (EDL fed every-day half of a SAD ration with feed distributed on the litter surface).
It was hypothesized that with every-day feeding, (either in the feed trough or on the pen litter) by eliminating the off-feed days would maintain alimentary tract microbiota, regularity, and impede the ability of Salmonella and Campylobacter to attach and colonize in the alimentary tract and thereby result in lower overall colonization and persistence in pullet flocks.
MATERIALS AND METHODS

Animals and Housing
This study was conducted in an experimental pullet rearing facility at the University of Georgia. Cobb500 pullet chicks (135/pen, 7.32 × 4.62 m) were placed on fresh pine shaving litter in the 3 feeding program rooms with, 2 replicate mirror image pens in each room. Pens were separated by chain-link fence with a solid plastic partition (61 cm high) at the bottom to preventing litter or feces exchange between pens and the pullets could not observe the pullets in the adjacent pen. Chicks were provided a standard, corn-soybean meal based starter diet fed ad libitum through wk 4 in drag-chain trough feeders. The feed hoppers were located outside of each of the pens and after filling were both operated for the same time period in each room until the hoppers were empty. At 4 wk, the 3 feeding treatment programs were implemented using a pelleted developer diet through the end of the experiment at wk 26. Feeding programs were implemented per room as follows: 1. Skip-a-Day (SAD) in the drag-chain trough feeder (Big Dutchman) with rooster restrictor grills; 2. Every-day in the dragchain trough feeder (EDT) with rooster restrictor grills; 3. Every-day on the pen litter (EDL). EDL pullets were fed using a spinning disk wild game feeder mounted on a tripod that distributed the feed on the litter from the center of each pen. Pullets were fed and managed based on primary breeder body weight standard curve recommendations (National Research Council, 1994; CobbVantress, 2008) . The amount of feed provided was based on the average pullet weight for each pen and the number of pullets/pen. All birds were weighed individually every 4 wk and a subset of 30 pullets was weighed from each pen every-other week. The Every-Day feed amounts were half the recommended Skip-a-Day program amounts and all feed amounts were adjusted for daily mortality or pullets removed and euthanized for Salmonella and Campylobacter sampling. The photoperiod in each room was maintained at 8L:16D from 2 wk to the end of the experiment at 26 wk with the lights on at 09:00.
Salmonella and Campylobacter Challenges
On day 1, an additional pen of 50 hatchmate chicks were housed in a separate room and gavaged with 0.1 mL of 4.0 × 10 5 cfu/mL of a nalidixic acid-resistant Salmonella enterica Typhimurium suspension. At 4 wk, 10 seeder chicks were euthanized and ceca sampled to confirm Salmonella colonization and all were positive. At 5 wk, 30 Salmonella seeder chicks were wing banded and placed into treatment pens (5 chicks/pen) to commingle with the 135 penmates/pen that had been subjected to one of the assigned feeding programs for 1 wk.
Drag swab samples of the pen litter were taken at 13 wk to confirm that the environment was free of wild-type Campylobacter prior to challenge of the additional seeder pullets with Campylobacter. At 14 wk, 5 pullets/pen were wing-banded and then challenged with 1 mL of a 1.0 × 10 8 cfu/mL gentamycin resistant Campylobacter coli suspension via oral gavage and feeding delayed 2 h. This challenge was not successful using seeders as a means to spread Campylobacter to the penmates (0 to 25% positive at wk 20), and all seeders (Salmonella and Campylobacter) were removed and sampled at wk 19 from all pens. Therefore at 21 wk, all the remaining pullets (standardized to 65 pullets/pen) in the SAD, EDT, and EDL rooms were challenged with 1 mL of 1.8 × 10 8 cfu/mL of gentamycin resistant Campylobacter coli suspension via oral gavage, feeding was delayed 2 h after challenge. At 22, 24, and 26 wk 10 pullets/pen were euthanized and the ceca sampled for Campylobacter.
Drag Swab Sampling of Pen Litter
Prior to feeding, pen litter drag swab samples for Salmonella recovery were collected at 7, 9, 11, 17, 18, and 20 wk. Drag swabs (n = 1/pen, 7.62 × 7.62 cm, DS-001, Solar Biologicals Inc., Ogdensburg, NY) presoaked in skim milk were unwound and dragged throughout the pen along the perimeter of the water line and feeder trough or spin feeder to maximize contact where birds frequently defecate (Kingston, 1981) . The swabs were intermittently stepped-on at least 20 times and when present, feces were intentionally stepped on (Buhr et al., 2007) . To determine if the time-of-day and the presence of fresh feces affected the recovery of Salmonella (9 and 11 wk) or Campylobacter (17 and 18 wk), additional drag swabs were taken the same day at the following times: (1) Before being fed at 09:00; (2) 3 h post fed at 12:00; and (3) 6 h post fed at 15:00. There were 2 collection days/wk for all treatments at wk 9 and 11 wk (four days for the SAD sampling included both on-feed and off-feed days). Following the Campylobacter challenge of seeders at wk 14, pen litter was sampled for both Campylobacter and Salmonella at 17, 18, and 20 wk using a duplicate drag swab/pen. At 8, 12, 16 , and 20 wk, 10 penmate pullets/pen were cooped prior to feeding (09:00). For the SAD pens it had been 48 h since they were last fed. At 12, 16, and 20 wk, an additional group of SAD pullets were sampled on the off-feed day, 24 hr since the pullets had been fed. Pullets were euthanized and ceca (including the tonsils and the illeal-cecal junction) were collected for individual pullet samples. At 16 and 20 wk, individual cecum from each pullet were analyzed for either Salmonella and the other for Campylobacter. Spleens were collected and pooled as a composite sample from birds #1-5 as one sample and birds #6-10 as the second sample in each pen. Pooled spleens for pullets #1-5 were analyzed for Salmonella Typhimurium and pooled spleens from pullets #6-10 were analyzed for Campylobacter coli. At 19 wk, all seeders that had been challenged with either Salmonella or Campylobacter (5 pullets/bacterial challenge/pen) were removed from the flock and the ceca and pooled spleens collected. Additionally, individual liver/gallbladder samples were collected to determine if Salmonella Typhimurium had translocated within the seeders.
Ceca, spleen and liver/gallbladder samples
For the individually challenged Campylobacter pullets, at 22, 24, and 26 wk, 10 pullets per pen (total 60 pullets/wk) were cooped prior to feeding at 09:00 in all feeding treatments on a feeding day for the SAD flock (48 h since last fed). Individual pullet ceca samples were collected and spleens were pooled for pullets #1-5 and #6-10 for Campylobacter microbial analysis. All samples were packed on ice and transported to the laboratory for evaluation within 2 h.
Microbiological recovery of Salmonella and Campylobacter
Drag swabs were placed in sterile bags and enriched with 60 mL per drag swab of 1% buffer peptone water (BPW, Difco, Becton, Dickinson and Co, Sparks, MD) for Salmonella or TECRA (Frenchs Forest, NSW, Australia) broth for Campylobacter. Ceca, pooled spleen, and liver-gallbladder samples were individually weighed and then macerated with a rubber mallet to ensure that the contents of the samples were exposed. Buffered peptone water or TECRA broth was added to the sample bags at a ratio of 3 times volume to the weight of the sample. All samples were mixed using a stomacher (Technar Company, Cincinnati, OH) for 1 min. For Salmonella, two 10 μL loops of solution were streaked on to brilliant green sulfa (BGS) agar plates containing nalidixic acid (200 mg/L; Acumedia, Lansing, MI). These plates and samples were incubated at 37
• C for 24 h. If direct plating was negative for Salmonella the following day, plates were restreaked with another two 10μL loops of the sample, which had been enriched for 24 h at 37 • C. Plates were then reincubated at 37 • C for 24 h. To confirm the presence of the marker strain, suspect colonies were confirmed by an agglutination test for the serogroup B of which Salmonella enterica Typhimurium belongs (Becton, Dickinson and Co.). Samples that were positive from direct plating were estimated to have > 10 2 cells/mL and samples that were positive only following enrichment, were estimated to have < 10 2 cells/mL in the initial sample dilution. Samples analyzed for Campylobacter were stomached for 1 min and then incubated in a microaerobic atmosphere (5% O 2 , 10% CO 2 , 85% N; Airgas, Athens, GA) at 42
• C for 48 h. After 48 h, two 10 μL loops of sample were streaked onto Campylobacter Cefex agar plates that contained gentamycin at 200 mg/L. Plates were incubated in a microaerobic atmosphere at 42
• C for 48 h. Suspect colonies were then confirmed by phasecontrast microscopic observation of characteristic spiral shaped cells and tumbling motility in wet mount preparations.
Statistical Analysis
Weekly pen litter Salmonella recovery (positive or negative) from drag swabs data were analyzed for nonparametric trend analysis using the Cochran-Armitage trend test (for both direct and enriched samples) and determined that with the increase in sampling week there was a significant (P < 0.05) decrease in Salmonella positive litter for all 3 feeding programs, excluding EDL direct plated samples that were 0% Salmonella recovery at all weeks sampled. Chi Square test for independence (SAS Institute, Cary, NC) was used to detect differences in Salmonella and Campylobacter recovery from the ceca at the time of collection. To test within each treatment the relationship between sampling week and Salmonella or Campylobacter recovery in the ceca to indicate decrease of recovery over time, Chi Square test was implemented comparing first sampling week to the subsequent sampling weeks for enriched bacterial recovery. Since there was no recovery of Salmonella from the liver/gallbladder in samples from seeder pullets and Campylobacter was recovered from only 1/5 seeder pullets from each feeding program pen, no statistical analysis was conducted for these samples.
RESULTS AND DISCUSSION
Drag Swab Samples
Pen litter recovery of Salmonella are shown in Figure 1 and show at 7 wk, SAD (2/2) and EDT (1/2) pens had higher levels of Salmonella recovered than EDL pens (0/2) for direct plated results, but after enrichment all pens were Salmonella positive (6/6). SAD direct plating recovery continued to be the significantly highest proportion 8/12 samples (67%, P = 0.0186) at 9 wk and 6/24 samples (25%, P = 0.0069) at 11 wk. SAD was the only feeding program that consistently had Salmonella recovery after enrichment for all weeks collected and was significantly higher with 12/12 at 17 wk (P = 0.245) and 12/12 at 18 wk (P = 0.0049) than EDT and EDL. SAD pens had a total weeks combined recovery after enrichment of 98% (39/40 samples) for on-feed day samples and 100% (24/24) for off-feed day samples, which represents the proportion of recovered Salmonella out of the total times litter was sampled from wk 7 thru 20. EDT had direct plating recovery of only 1/6 samples (17%) at 9 wk and 1/12 samples (8%) at 11 wk. EDT feeding had recovery of Salmonella after enrichment thru wk 18, but no recovery at 20 wk. EDT had a total weeks combined recovery after enrichment of 78% (31/40 samples). EDL had the lowest pen litter Salmonella recovery, with no direct positives at any of the sampling time points (0/36). EDL samples following enrichment had a recovery proportion of 7/12 samples (58%) at 9 wk, 6/12 samples (50%) at 11 wk, and 1/6 samples (17%) at 17 wk, and Salmonella was not detected in the pen litter after 17 wk in the EDL feeding program resulting in a total weeks . Salmonella Typhimurium recovery from the pen litter via direct (solid line) and enriched (dashed-line) plating of drag-swab samples from replicate pens with broiler breeder pullets on 3 different feeding programs (n = 2 to 24/wk). Abbreviations: SAD = Skip-a-day in trough feeders, EDT = Every-day in trough feeders, EDL = Every-day on the pen litter. a, b Direct plating values with differed lowercase superscripts differed significantly among feeding programs (P < 0.05) within the week sampled. A, B Enriched plating values with differed uppercase superscripts differed significantly among feeding programs (P < 0.05) within the week sampled. Litter Salmonella recovery by direct and enriched samples significantly decreased for all feeding programs as sampling week increased (P = 0.0004 to 0.0378), except for EDL direct plating that was 0% Salmonella recovery at all weeks sampled. combined percent recovery after enrichment of 40% (16/40 samples). Flock Salmonella recovery from pen litter generally declined as the age of poultry flocks increases and this trend agrees with the reported research (McCrea et al., 2005; Buhr et al., 2007; Larrison et al., 2010; Wilson et al., 2016) , however Salmonella recovery remained from the litter in only the SAD feeding program in the present study at wk 20. A total of 5 pullets/pen were challenged with Campylobacter at wk 14 and Campylobacter was subsequently recovered from the pen litter when sampled at wk 15, 17, 18, and 20 from all pens. Pen litter was no longer sampled for Salmonella or Campylobacter after wk 20.
Observation of pen litter prior to the scheduled lights turning on 09:00 (the protocol was that pullets were cooped for sampling 5 min early to minimize litter pecking the morning of sampling) revealed the presence of numerous fecal droppings that were rapidly trampled by the pullets with the onset of light and feeding. These trampled feces apparently contained Salmonella and Campylobacter at levels sufficient to enable recovery from the pen litter prior to the pullets being fed, and also at 3 or 6 h post feeding on the same day. These results revealed no apparent association with the time-of-day that the pen litter samples were taken and Salmonella and Campylobacter recovery from the pen litter using stepped-on drag swabs. These results indicate that once Salmonella or Campylobacter colonized the intestinal tract, whether birds are defecating prior to or after feeding, Salmonella and Campylobacter may be shed out of the intestinal tract at levels recoverable from the litter at these sampling times. The time of day that pen litter drag-swabs are collected did not change the Salmonella or Campylobacter recovery status of the flock (at 09:00, 15:00, or 18:00 all were 100% positive for Salmonella in the SAD and EDT pens at 9 and 11 wk and; for Campylobacter in all SAD, EDT, and EDL pens at 17 and 18 wk all feeding programs were positive at all sampling times with enrichment).
Salmonella Ceca Recovery
Results presented in Table 1 show that ceca from SAD fed pullets that were sampled 48 h following the last feeding were the only group of pullets that was Salmonella-positive (10 to 70%) throughout the entire trial. At 8 wk, SAD fed pullets had significantly (P < 0.05) higher overall recovery of cecal Salmonella, 70% with enrichment, compared to EDT and EDL, at 40% and 30%, respectively. At 12 wk, with the addition of SAD off-feed day collection (24 h after the last feeding had not been sampled at 8 wk), SAD pullets for both 48 h and 24 h samplings remained significantly higher in recovery at 40% overall, compared to EDL and EDT programs that both had only 5% cecal recovery. At 16 wk pullets fed every day and the SAD fed pullets that were sampled 24 h following the last feeding did not have detectable Salmonella levels recovered (after enrichment) from the ceca. However, when SAD pullet ceca were sampled 48 h following the last feeding, 20%
were Salmonella positive at 16 wk, 20% positive at 19 wk from the seeders, and 10% were positive at 20 wk from penmates. Though by the second sample week (wk 12) all feeding programs had decreased cecal recovery, the SAD 48 h was the only feeding program with pullets that retained detectable cecal Salmonella. The age that pullets are typically transferred from the pullet house to egg production farms (dependent on facility availability and status of body weights and lighting program; Cobb-Vantress, 2008) is around 20-25 wk of age. Table 1 . Recovery of Salmonella Typhimurium-positive ceca from broiler breeder pullets on different feeding programs after exposed to seeders challenged with Salmonella at 5 weeks of age. It could therefore be more likely for SAD fed pullets to carry Salmonella into the laying house compared to pullets that were fed EDT or EDL. Age at exposure to Salmonella is a predominant factor to attain intestinal colonization in poultry. Day old chicks were 50% colonized with an oral challenge containing only 10 cells of S. typhimurium but by 2 wk of age required 10 6 cells to attain the same level of colonization (Milner and Shaffer 1952) . Similarly, Prince and Garren (1966) reported first week mortality of 40% following challenge with Salmonella Gallinarum but no mortality after the White Leghorns had reached 6 wk of age with the same oral 10 3 challenge. However, when 50 wk broiler breeder hens subjected to feed-withdrawal for 24 h then challenged with Salmonella Enteritidis were sampled 7 d later, the recovery was 8/20 (40%) Salmonella-positive ceca with enrichment (R. J. Buhr unpublished data). During a 24 h period of feed withdrawal, the gastrointestinal intestinal tract empties, reducing lactic acid producing bacteria (1.27 log reduction at 12 h) raising the intestinal pH near neutral and creates a favorable environment for Salmonella resulting in a 2 log bloom (Hinton et al., 2000) . The 24 h cycles of feed withdrawal that the SAD pullets are subjected to every 48 h may contribute to the persistence of Salmonella in the pullet's ceca and the pen litter.
Salmonella Pooled Spleen and Liver/Gallbladder Recovery
Pooled spleen and liver/gallbladder samples were evaluated to detect a systematic infection of Salmonella. Salmonella recovery from pooled spleen samples throughout the trial was low at 8/36 (22%) combined for all 3 feeding programs. At 8 wk, SAD fed pullets had significantly (P < 0.05) higher overall recovery of cecal Salmonella, 70% with enrichment, compared to EDT and EDL, at 40% and 30%, respectively. At 12 wk, with the addition of SAD off-feed day collection (24 h after the last feeding), SAD pullets for both 48 h and 24 h samplings remained significantly higher in recovery at 40% overall, compared to EDL and EDT programs that both had only 5% cecal recovery. Liver/gallbladders were sampled only from the 5 seeders/pen at 19 wk of age and there was no recovery of Salmonella following the plating of the enriched samples. Typically the induction of feed withdrawal increases Salmonella Enteritidis recovery in the liver, spleen, and ovaries as well as the crop and ceca in challenged molt induced layers (Woodward et al. 2005; Dunkley et al. 2007 ). However, in this experiment where pullets had an every-other-day feed withdrawal for an extended period of time, 20 wk versus 12 d in the Dunkley et al. (2007) , there was consistent recovery of Salmonella from the ceca without detectible systematic infection to the spleen or liver/gallbladder samples. The serovar S. Enteritidis infections typically have higher invasiveness and colonization of the internal organs (Holt et al. 1995) while S. Typhimurium in older birds typically do not have the same persistence or invasiveness (Barrow et al. 1987 ).
Campylobacter Recovery
In Table 2 , the colonization by Campylobacter in the ceca of seeders in challenge 1, was 53% positive (16/30 pullets) at 5 wk post challenge wk 19. Typically if a few birds in a commercial flock are Campylobacter positive, Table 2 . Recovery of positive Campylobacter ceca from broiler breeder pullets exposed to seeders challenged with Campylobacter coli at 14 weeks of age (Challenge 1) or 21 weeks of age (Challenge 2). 2 Challenge 1 = 5 seeder pullets/pen that were challenged with 1.0 mL of 4.0 × 10 8 cfu/mL of Campylobacter coli at 14 wk.
3 Challenge 2 = all pullets were challenged with 1.0 mL of 1.8 × 10 8 cfu/mL of Campylobacter coli at 21 wk. 4 All results are from enriched positive plating (<10 2 cells/mL of initial diluent). 5 Number positive/number ceca sampled. 6 Percentage Campylobacter positive. 7 NS = Not Sampled. a,b Significantly different compared to SAD 48 h within a sample week, within each challenge at P < 0.05. A,B Significantly different within Challenge 2, compared first week (wk 22) of sampling to subsequent weeks (wk 24 and 26) within a feeding program P < 0.05. colonization spreads rapidly through the remainder of the flock. Commonly 90% of surveyed commercial broiler flocks were positive by the 7 wk of age and the risk of infection increased with age (Evans and Sayers, 2000) with near 100% of the broilers sampled within commercial positive flocks being Campylobacter positive at marked age (Shreeve et al., 2000) . Recovery of Campylobacter from litter or ceca in commercial flocks typically begins at 3-4 wk of age in broilers (Engvall et al., 1986; Evans and Sayers 2000; Kalupahana et al., 2013) . A possible explanation of the lower recovery of Campylobacter in the breeder pullet flock was that 5 seeders/pen could not successfully colonize feed restricted penmates at an older age (14 wk) which resulted in penmates having low recovery levels (from 0 to 25%) at both 16 and 20 wk, and no significant difference among the feeding program treatments in the seeders at wk 19 or the penmates at wk 20. Pooled spleens were Campylobacter-positive in penmates in only 3/24 samples. All Campylobacter-positive spleen samples were collected at wk 16 with 1 positive sample from each of the EDT, SAD 24 h, and SAD 48 h fed pullets. At wk 19, the liver/gallbladders of the seeder birds had colonization percentages of only 20% (1/5 seeder pullets/pen) for all 3 pullet feeding programs (only SAD 48 h fed seeder pullets were sampled). Campylobacter recovery at 20 wk for penmates from the liver/gallbladder samples was also low at 15% for EDL, 15% for EDT, and 20% for SAD at 48 h and 0% at 24 h.
For these reasons, a second challenge of each individual pullet with Campylobacter at 21 wk of age was conducted. The results in Table 2 provide a similar trend of a lower prevalence of Campylobacter in EDL fed pullet's ceca at 22, 24 and 26 wk as was seen for Salmonella recovery from ceca at 12, 16 and 20 wk.
Challenging individual pullets with Campylobacter (1.8 × 10 8 cfu/mL) at wk 21 was necessary to reveal differences in the colonization and recovery influenced by the 3 restriction feeding programs. The EDL feeding program at 22 wk had a lower recovery of Campylobacter (60%) compared to EDT feeding at 95% and SAD feeding at 100%. Similarly when pullets were resampled at 24 wk the EDL feeding program maintained a lower recovery of Campylobacter (40%) compared to EDT feeding at 95% and SAD feeding at 90% programs. At 5 wk post challenge, 26 wk SAD feeding maintained higher persistence of Campylobacter with a recovery of 80% compared to the every-day feeding programs EDT 40% and EDL 30% recovery. Over the 5 wk period (21-26 wk), the EDT program had decreased in Campylobacter cecal recovery reaching similar percentage recovery to EDL. The individual challenge of Campylobacter resulted in a higher initial colonization 7 d post challenge (compared to the results from using seeders for pen challenge at 14 wk) that decreases in recovery for pullets on the EDT or EDL programs.
The seeder pullets provided an environmental exposure to Salmonella Typhimurium and results showed that by 3 wk post-exposure (at wk 8) the majority (from 75 to 100%) of the recovery was only detected following sample enrichment. Gast and Holt (1998) individually challenged ad libitum fed Leghorn chicks with 10 6 cells of Salmonella Enteritidis that resulted in Salmonella cecal recovery from 40% of the pullets at 16 wk, while in this study at 16 wk only 4 pullets (20%) fed SAD had Salmonella Typhimurium with a detection level after enrichment. Therefore, we can speculate that environmental exposure of Salmonella from the seeders at wk 5 provided a sufficient level of persistence early in the rearing period and that the every-day (EDT and EDL) feeding programs pullets were able to excluded Salmonella sooner. Since the initial colonization detection was lower in the every-day fed pullets when sampled at wk 8 (at 35% compared to 70% for SAD) the decrease to zero by wk 16 was less remarkable (35%) than for the SAD to 10% (60% decrease) at 20 wk. Allowing birds to consume feed on the pen litter, may provide additional competitive exclusion properties in the pullet's alimentary tract prior to being transferred to the breeder house (Corrier et al. 1995) . Providing feed on the pen litter versus in a trough may also allow those less aggressive birds a chance to eat and spend more time eating; reducing the issue of feed not filling the trough feeder completely resulting in competition for feeder space among the pullets.
Overall Conclusions
Salmonella recovery has been reported to increase when alimentary tracts are emptied of ingesta and feces during feed withdrawal which is a similar occurrence for pullets on the SAD feeding program. SAD pullet feeding programs require alternate days on-fed and off-feed and the off-feed days may contribute to the survival, passage, and colonization of both Salmonella and Campylobacter. EDT and EDL feeding programs hastened the disappearance of the marker Salmonella and Campylobacter strains from the pullet's alimentary tracts. The widespread practice of raising broiler breeder pullets using the SAD program may increase the likelihood of transferring of Salmonella and Campylobacter positive pullets to the breeder farms due persistently higher recovery of these foodborne pathogens compared to every-day fed pullets at 20 to 26 wk of age.
